The purpose of this investigation was to examine the psychophysiologic responses of Type A and Type B individuals, among persons with and without coronary heart disease (CHD). Subjects were 58 adult male volunteers; 24 had a history of myocardial infarction or clinically diagnosed angina pectoris (CHD) and 34 had been designated frfie of coronary disease following recent cardiologic examination (non-CHD). All subjects had normotensive resting blood pressures; among CHD patients, no subject was currently on beta-adrenergic blocking medication. Measures of heart rate (HR) and systolic and diastolic blood pressure (SBP, DBP) were obtained during a baseline period and while subjects performed a series of difficult and frustrating cognitive tasks. Each subject was also administered the Structured Interview for Type A-Type B assessment (SI) and the Jenkins Activity Survey (JAS). Results indicated that, independent of the A/B typology, CHD patients experienced significantly greater DBP elevations during the experimental tasks than did non-CHD controls. Type A subjects (as determined by the SI) exhibited greater task-related increases in SBP and DBP than did Type Bs, but changes in HR did not differ between these two groups. Type A-Type B assessments based on the JAS were unrelated to subjects SBP, DBP, or HR responses, and neither SI-nor JAS-defined Type As differed reliably from Type Bs on measures of task performance. Overall, these results are consistent with the hypothesis that heightened cardiovascular reactivity under stress may mediate relationships between behavioral factors and CHD.
tributes to coronary disease through mechanisms other than "traditional" risk factors (3) . In this regard, the frequent observation that Type As evidence greater blood pressure and heart rate elevations under appropriately challenging experimental conditions (e.g., 10-15) has encouraged speculation that the Type A pattern may promote CHD, in part, via recurrent activation of centrally mediated hemodynamic and neuroendocrine responses to "stress" (16, 17) .
Studies concerning the physiologic correlates of coronary prone behavior have focused primarily on healthy, young adult populations, principally college students (10) (11) (12) (13) 15) . In one investigation, though, Dembroski, MacDougall, and Lushene (18) compared the heart rate and pressor responses of Type A and B middle-aged adults, both with and without a prior history of MI, during administration of the structured interview for Type A assessment and on performance of a difficult American history quiz. Two results of this study are noteworthy: (a) Type A individuals showed larger increases in blood pressure than Type Bs, and (b) independent of the A/B typology, post-MI patients exhibited greater pressor responses than noncoronary controls. Recently, Sime, Buell, and Elliot (19) also reported that post-MI patients showed larger "quiz"-induced diastolic blood pressure elevations than subjects of a CHD-free control group, again suggesting that persons with coronary disease may be physiologically more responsive to behavioral challenges than individuals without CHD.
Yet, similar findings have not been reported by other researchers (20, 21) . These discrepancies may reflect the absence of a reliable association between coronary disease and stress-related cardiovascular reactivity, or may be due to methodologic factors, such as differences in patient characteristics among the various subject populations employed. In the latter regard, differential use of beta-adrenergic blocking medications by coronary patients 1 and inclusion of hypertensives among CHD patient samples 2 represent possibly confounding influences in these investigations. Differences in patient symptomatology (e.g., MI, angina) may also be relevant, as well as the conditions under which experimental observations were made. In one study reporting no difference in the cardiovascular responses of subjects having mild versus moderate coronary artery disease, for instance, the authors note that apprehension over impending cardiac catheterization may have heightened subjects' base levels of anxiety and sympathetic arousal (20) .
Following these considerations, one purpose of the present study was to further examine the relationship of individual differences in behaviorally induced cardiovascular reactivity to pres-1 Although beta-blockers are commonly prescribed for coronary patients, under certain stressful conditions beta-adrenergic blockade may potentiate, rather than reduce, pressor responses. For instance, Obrist et al. (22) observed diastolic elevations during shock avoidance to be greater among subjects administered propranolol than in persons with an intact innervation. The authors attribute this result to an attenuated vasodilation in some vascular beds during beta-blockage, an effect which left unopposed concomitant, alpha-adrenergically mediated vasoconstriction-permitting an increased peripheral resistance and hence an elevated blood pressure. 2 Shiffer et al. (21) reported that patients having both angina and hypertension experienced larger pressor responses to a psychological challenge than did either normotensive angina patients or nonpatient controls; while diastolic responses of subjects with angina alone still differed slightly from controls, this difference was duo primarily to lower baseline pressures among angina patients [i.e., law of initial values (23)J.
TYPE A, CHD, AND CARDIOVASCULAR RESPONSE ence or absence of CHD among Type A and Type B individuals. As in previous investigations, heart rate and pressor responses of both CHD patients and noncoronary controls were recorded while subjects performed a series of distinctly frustrating cognitive tasks. All subjects were volunteers, recruited solely for participation in this study and selected based on a review of the diagnostic charts of an outpatient cardiology clinic. CHD patients were predominantly post-MI, all were normotensive and none was prescribed any beta-adrenergic blocking medication. Finally, subjects' participation in this investigation did not coincide with performance of any other diagnostic tests or procedures.
Studies reporting differences in the cardiovascular reactivity of Type A and B young adults indicate that the magnitude of this association may vary, depending upon the technique used in assessing coronary-prone behavior pattern. Specifically, Dembroski and colleagues (12, 13) report that a physiologic hyperresponsivity to behavioral stressors is more consistently related to Type A behavior as measured by Friedman and Rosenman's (24) structured interview (SI) procedure, than when A/B determinations are achieved by a standardized self-report inventory, the Jenkins Activity Survey (JAS) (25) . This finding is of potential etiologic significance, since the SI has similarly shown a slightly stronger prospective association with CHD (26) . However, most investigations examining older subject populations have employed only the SI (18, 20) . One exception is a study of attorneys of a metropolitan law firm, in which we observed no relationship between JAS-defined Type A behavior and pressor responses to a difficult cognitive task (27) . This result contrasts markedly, though, with positive associations reported previously under the same experimental procedures using collegestudent subjects (10, 11) . Unfortunately, since we did not also employ the SI in this investigation, there presently exists no direct comparison of the SI and JAS as predictors of challenge-induced cardiovascular reactivity in a nonstudent population. Therefore, in the present study, all subjects were administered both the SI and JAS, and analyses computed separately for each of the two assessment procedures.
METHODS

Subjects
Fifty-eight adult male volunteers-24 with and 34 without history of CHD-were recruited for participation in this study following a review of diagnostic records of the Preventive Cardiology Clinic, Atlanta, Georgia. CHD patients had either a documented history of MI (n = 18) or history of clinically diagnosed angina pectoris (n = 6), accompanied by angiographic evidence of coronary artery disease and /or positive treadmill ECG. All CHD patients were normotensive and without histories of congestive heart failure; with the exception of three patients on minimal dosage of Lanoxin (0.25 mg/daily),
Socioeconomic status (SES) was determined by the Hollingshead Two Factor Index of Social Position (28); subjects were of predominately middle to upper-middle SES, with no significant difference between groups (t(56 = 0.39, NS). Seventy-one percent of CHD patients and 68 percent of non-CHD subjects reported engaging in regular physical exercise (x 2 = 0.02, NS); among exercising subjects, the mean duration of reported weekly exercise was equivalent for the two subjects groups (XCHD = 4.0 hr/wk; (Xnon-CHD = 4.7 hr/wk; t(38) = 0.77, NS).
Measurement of Coronary-Prone Behavior Pattern
Structured Interview (SI): The SI was conducted by an Experimenter (C.D.C.) trained in its administration and scoring and certified by Rosenman and associates. Interviews were recorded on audio tape and evaluated later to derive overall Type A-Type B assessments. Administration of the SI typically required about 15 minutes to complete.
Scoring of the SI, which is based on both the content and expressive stylistics of the subjects' responses, yields a four-point classification: Al (denoting a fully developed Type A pattern), A2 (a partial Type A pattern), X (indeterminant), and B. For analyses requiring a nominal division of subjects into Type A and Type B groups, Al and A2 assessments were designated Type A, and X and B assessments designated Type B.
Jenkins Activity Survey (/AS). Of the 55 items on the JAS, 21 contribute to an overall Type A-Type B assessment. Values obtained on scoring of the JAS are expressed as standardized scores, with a mean of 0.0 and standard deviation of 10.0. For purposes of the present analyses, subjects receiving scores SO.O were identified as Type As, and subjects with scores <0.0 as Type Bs.
Measurement of Blood Pressure and Heart Rate
All physiologic measurements were recorded on a Narco Bio-systems MK-IV Physiograph. To detect heart rate, a photoelectric pulse transducer (model PN 705-0022) was attached to the middle finger of the subject's right hand. Systolic and diastolic blood pressures were recorded using a standard occluding cuff, in conjunction with a Narco Bio-systems PE-300 automated electrosphygmomanometer. For determining Korotkoff sounds, a small microphone was positioned over the brachial artery and connected to the PE-300. This instrument, in turn, was interfaced with the Physiograph to permit similtaneous recording of Korotkoff sounds and cuff pressure. Blood pressure measurements were obtained from the subject's left arm.
Experimental Tasks
Subjects were presented, in immediate sequence, three difficult and frustrating cognitive tasks to perform over a 10-minute interval. The purpose of this procedure was to induce a sustained period of cognitive challenge and to provide a sufficient diversity of tasks to prevent habituation due to increasing familiarity with test stimuli. Task descriptions follow.
Task 1 (Concepts). The first experimental task consisted of 12 problems in concept formation selected from Feldman and Drasgow's (29) VisuaJVerbaJ Test for conceptual thought. This task required subjects to quickly identify similarities of form, position, color, and size among sets of stimulus designs presented on slides. A more detailed description of this task is provided in Manuck et al. (10) . The Task 1 period lasted 4 minutes and consisted of 12 randomly occurring, 7 second test trials (mean intertrial interval = 13 second).
Task 2 (Mental Arithmetic). The second task involved a standard "mental arithmetic" operation in which subjects were instructed to subtract serially by 17s from a four-digit number, for 2 minutes. Subjects responded aloud and were informed that both speed (rate) and accuracy of subtraction would be used to determine their levels of performance.
Task 3 (Picture Compietion). The final task consisted of 20 test items selected from the Picture Completion subscales of the Wechsler Adult Intelligence Scale (30) and the Wechsler Intelligence scale for Children-Revised (31) . In this test each item pictures a common object or scene in which some important element is missing (e.g., footprints in snow, a silhouette in shadow). As used here, the subject's task was to identify aloud the absent element in each of the 20 consecutive pictures. Response intervals of 5, 10, or 15 seconds were provided, depending upon the difficulty of the stimulus item. Test problems were presented as slides, in random order, and the total task period lasted 4 minutes.
Procedure
On arrival, the subject was greeted by experimenter I. He was seated, asked to read and sign an Informed Consent Agreement, and then fitted with the blood pressure cuff/microphone assembly and pulse transducer. Following a brief adaptation period, baseline measures of blood pressure and heart rate were recorded over a 6-minute interval, during which the subject was requested to remain resting quietly. At the end of the baseline period, taped instructions describing all three experimental tasks were presented, accompanied by examples of the test stimuli; any questions regarding task instructions were answered at this time. The subsequent task period lasted 10 minutes (Concepts: minutes 1 -4; Mental Arithmetic: minutes 5-6; Picture Completion: minutes 7-10), and as noted, each new task was presented immediately upon completion of the preceding task. The subject was also cautioned to remain seated as still as possible, avoiding any unnecessary movements, during the experimental period. Concerning the measurement of cardiovascular responses, heart rate was recorded continuously, and systolic and diastolic blood pressures assessed at successive 30-second intervals throughout the baseline and task periods.
Following the experimental tasks, recording devices were removed and the subject directed to an adjacent room. The SI was then administered by experimenter II (C.D.C.), after which the subject was asked to fill out the JAS. On receiving the completed questionnaire, experimenter II debriefed the subject regarding the purposes of the study and thanked him for his participation.
RESULTS
Type A Behavior Pattern and CHD Assessment of the coronary-prone behavior pattern based on the SI yielded 15 As and 9 Bs in the CHD group, and among non-CHD subjects, 20 As and 11 Bs (x 2 = 0.08, NS). As noted previously, the Type B designation here incorporated both SIderived Bs and Xs; Xs alone accounted for two CHD and five non-CHD subjects. Type A assessments based on the JAS revealed 13 As and 11 Bs among coronary patients, and 22 As and 12 Bs in the non-CHD group (x 2 = 0.65, NS). Thus, a prediction that Type A subjects would distribute disproportionately among persons with CHD was not supported in the present sample.
Concerning relationships between the two assessment techniques, agreement between the SI and JAS in regard to overall Type A/Type B designations was 69%-hence, about 30% of subjects were classified discordantly by the two measurement procedures. The Pearson correlation between SI evaluations (where Al = 4, A2 = 3,X = 2,B = 1) and standardized JAS scores was r = 0.49 (p < 0.001], These data indicate a statistically reliable, but rather weak association between the SI and JAS, a result which is comparable to findings reported by other investigators Parallel analyses of the physiologic data were carried out based on Type AType B evaluations resulting from the two assessment techniques. Findings below are presented first with respect to SIderived Type A and B subject groups, followed by results for A and B groups determined by subjects' JAS scores. Structured Interview. In an initial data reduction, a mean value for systolic and diastolic blood pressure (SBP, DBP) and heart rate (HR) was computed for each subject across the 6 minutes of the baseline interval. Mean baseline values for subjects of the Type A-CHD, Type A-non-CHD, Type B-CHD and Type B-non-CHD groups were 116.8, 120.0, 118.4, and 113,8 mm Hg, respectively, for SBP; 71.3, 72.9, 72.6, and 74.7 mm Hg for DBP; and 65.6, 70.9, 69.9, and 64.6 beats per minute (bpm) for HR.Two x 2 [Type A IB x coronary status (CHD. non-cro)] analyses of variance (ANOVAs) performed on baseline measures revealed no significant main effects or interaction for any of the three dependent variables (SBP, DBP, HR). Owing to the absence of baseline differences, physiologic measures obtained during the 10-minute interval while subjects were performing the experimental tasks were next averaged over five consecutive 2-minute periods; change scores were then calculated for each subject from the difference in mean values between the baseline and task periods. Fig. 1 , mean systolic elevations were larger for Type A than for Type B individuals (XA = + 18.7 and +12.1 mm Hg, respectively), and across all subjects, greatest during the third 2-minute task interval (i.e., during mental arithmetic). Task-related SBP changes of CHD and non-CHD subjects averaged +17.1 and +15.3 mm Hg, respectively, but did not differ reliably. No significant interactions obtained among the Type A/B, coronary status, and periods factors. DIASTOLIC BLOOD PRESSURE. The DBP ANOVA showed significant main effects for both Type A/B (F ( i.s4) = 12.19, p < 0.005) and Coronary status (F1.54) = 4.93, p < 0.05). As shown in Fig. 1 , mean DBP elevations were greater for Type A than for Type B subjects (XA = +8.0 and +2.9 mm Hg, respectively), and greater among coronary patients than in non-CHD controls (XA = + 7.9 and +4.6 mm Hg, respectively). As with SBP, a reliable main effect for periods (F(4,216) = 5.78, p < 0.001) reflected a somewhat larger diastolic elevation across all subjects during the third 2-minute task period. No significant interactions were observed.
HEART RATE. In contrast to BP measurements, the HR ANOVA revealed no significant main effect for either the Type A/B or coronary status factors. Mean HR changes among Type A and Type B subjects were + 7.7 and +6.5 bpm, respectively, and among CHD and non-CHD subjects, +6.2 and +7.9 bpm (see Fig. 1 ). Like SBP and DBP, however, this analysis revealed a reliable main effect for Periods (F(4,2i6) = 53.35, p < 0.0001), again indicating that subjects tended to exhibit their largest cardiovascular responses during mental arithmetic (i.e., minutes 5-6). There were no significant interaction terms.
Jenkins Activity Survey. Baseline values were first reexamined, based on JAS-defined Type A and B subject groups. Mean values for subjects composing the Type-A-CHD, Type A-non-CHD, Type B-CHD, and Type B-non-CHD groups were 116.9, 118.4, 118.0, and 115.7 mm Hg, respectively, for SBP; 72.7, 72.9, 70.7, and 74.8 mm Hg for DBP; and 66.8, 68.7, 67.6, and 67.5 bpm for HR. Two X 2 (Type A/B x coronary status) ANOVAs performed on baseline measures revealed no significant main effects or interaction term for any of the three dependent measures. Thus, as in analyses based on the Mean systolic and diastolic blood pressure and heart rate changes among Si-defined Type A and Type B subjects, with and without cornary heart disease (CHD. non-CHD).
SI, task-related change scores were subjected to 2 X 2 X 5 (Type A/B X coronary status x periods) repeated measures ANOVAs. Except for effects associated with JAS-derived Type A assessments, results of these analyses are redundant on those of corresponding ANOVAs of the preceding section; hence, only the main effect and interactions involving the Type A/B factor are described below.
SYSTOLIC BLOOD PRESSURE. The Type
A/B main effect was not significant, and mean systolic changes of Type A and B subject groups fXA = +16.5 and + 15.5 mm Hg, respectively) varied just slightly in the predicted direction. In addition, there were no reliable interactions of the Type A/B factor with either coronary status or periods.
DIASTOLIC BLOOD PRESSURE. Again, in contrast to findings based on the SI, the ANOVA for DBP showed no significant main effect or interactions involving Type A behavior; as with systolic pressures, mean DBP elevations differed only minimally between Type A and Type B subjects (XA = +6.6 and +5.0 mm Hg, respectively).
HEART RATE. Like SBP and DBP, the HR ANOVA revealed no reliable main effect or interactions associated with the Type A/B factor; mean HR changes of Type A and Type B subjects were + 7.7 and +6.7 bpm, respectively.
Task Performance Performance on each of the experimental tasks was measured as the total number of correct solutions achieved by the subject. Separate 2X2 (Type A/B X coronary status) ANOVAs were conducted on performance measures for each of the three tasks; these analyses were carried out independently for SI-and JAS-defined Type A and Type B subject groups. No reliable main effects or interaction were observed in any of these ANOVAs, however, indicating that subjects' overall performance of the Concepts, Mental Arithmetic, and Picture Completion tasks did not vary reliably by either coronary prone behavior pattern or history of CHD.
DISCUSSION
The principal results of this investigation are twofold. First, Type A subjects showed larger systolic and diastolic pressor responses while performing the series of frustrating cognitive tasks than did Type B individuals, and second, CHD patients exhibited greater diastolic responsivity than did noncoronary controls. While the latter finding is similar to results reported earlier by Dembroski et al. (18) and Sime et al. (19) , subjects here were free of two potentially confounding influences present in the prior studiesbeta-adrenergic blocking medications and concomitant hypertension among CHD patients. On the other hand, our result is at variance with the findings of Shiffer et al. (21) and Krantz et al. (20) , who report little difference in the cardiovascular responsivity of normotensive CHD patients and controls (21) or among patients exhibiting varying degrees of angiographically documented coronary atherosclerosis (20) . How best to account for these discrepant findings remains unclear, though one explanation may lie in the heterogeneity of patient samples in the foregoing studies, and in particular, in the proportion of patients having a history of MI. In previous studies showing challenge-induced cardiovascular reactivity to be associated with CHD, coronary groups consisted entirely of post-MI patients (18, 19) , whereas in the two investigations finding no appreciable relationship, CHD cases subsumed several diagnostic categories (angina, prior MI, positive EKG) (20) or included predominantly angina patients (21) . The present study, employing 18 post-MI patients and just 6 subjects with angina alone, corresponds more closely in sample characteristics (as well as in reported physiologic results) to the investigations described by Dembroski et al. (18) and Sime et al. (19) . In addition, though dealing with only a small number of subjects, subsequent TYPE A, CHD, AND CARDIOVASCULAR RESPONSE comparison of DBP changes in our six angina patients with those of noncoronary controls revealed a minimal and nonsignificant group difference (XA = 6.0 versus 4.6 mm Hg; t pa) = 0.53, NS); in contrast, the mean diastolic elevations of post-MI patients were substantially greater and differed reliably from subjects without CHD (XA = 8.5 versus 4.6 mm Hg; t{50) = 2.35, p < 0.025). Hence, we observed a positive association between coronary status (i.e., presence or absence of CHD) and the magnitude of subjects' task-related diastolic responses, yet this relationship obtained principally where CHD patients had had a prior MI.
It should also be underscored that the present study is retrospective in nature. Therefore, it is unknown whether the increased diastolic responsivity among CHD patients here preceded the development of their coronary disease, or was itself a consequence of the disorder. As with the Type A behavior pattern, demonstrating the etiologic significance of individual differences in behaviorally induced cardiovascular reactivity will ultimately require prospective investigation among initially disease-free individuals. Our findings, however, are consistent with this hypothesis.
Concerning coronary-prone behavior, the heightened pressor responses found among Type A individuals, relative to Type Bs, are in accord with results of a number of recent studies (10) (11) (12) (13) (14) (15) 18, 20) . That the influence of the Type A pattern on subjects' physiologic responsivity was significant when Type A assessments were derived from the SI, but not from the JAS, is similarly consistent with Dembroski's (12,13) observation that the SI more strongly predicts cardiovascular responses to laboratory stressors in student populations. Moreover, the absence of any relationship between blood pressure responses and JAS-defined Type A behavior directly replicates our earlier finding based on a sample of male attorneys (27) . It may be noted, however, that the JAS is related prospectively to CHD incidence, and differs from the SI only in relative predictive power (33) . To the extent that Type A behavior may promote CHD, in part, via exaggerated hemodynamic and neuroendocrine responses to psychosocial challenge (16, 17) , it is at least perplexing that we did not find some relationship between the JAS and subjects' psychophysiologic reactions. In this regard, two possible explanations may be offered.
First, the Type A pattern, as assessed by the JAS, reflects somewhat different behavioral attributes than when measured by the SI. Matthews et al. (32) report, for instance, that Type A-related speech characteristics are tapped only by the interview procedure; whereas selfreported time pressure is measured uniquely by the JAS. The fact that low correlations between the SI and JAS are commonly reported as well (as in the present study) further suggests that these two instruments differ in their sensitivity to various dimensions of the Type A pattern. Since despite these differences, both the SI and JAS successfully predict CHD, it is conceivable that those Type A behaviors assessed differentially by the two measurement procedures contribute to coronary disease through somewhat different mechanisms. Hence, behavior measured soley by the JAS may increase risk for CHD, but for reasons other than a physiologic hyperresponsivity to stress.
Alternatively, it is possible that our experimental tasks were simply inadequate to elicit differential cardiovascular responses in JAS-defined Type A and B middle-aged adults, and that perhaps a more naturalistic stressor would have evoked greater reactivity in JAS/Type As. In this respect, our previous study again provides some supportive evidence (27) . Thus, while we found no differences in the task-related pressor responses of Type A and B attorneys (as assessed by the JAS), casual blood pressure measurements recorded over 6-week interval during ordinary working hours revealed higher peak pressures and greater variability of blood pressure among Type A subjects. Across the two studies, then, we have observed psychophysiologic correlates of the Type A behavior pattern for both SI-and JASderived Type A evaluations. The principal difference is that Si-Type As appeared to be more responsive to routine laboratory stressors than did their JAS-Type A counterparts. That the JAS revealed significant relationships in data obtained during subjects' occupational activities demonstrates, however, that physiologic measurements made in unrestricted and familiar environments may usefully supplement observations recorded under more controlled (experimental) conditions.
